ABSTRACT
Data Translation 3010 board at a sampling rate of 250 kHz and delivered to the microphones 117 through low-pass filters (100 kHz cut-off frequency). Signals from the measuring amplifier 118 were digitized at 250 kHz using the same board and averaged in the time domain. Amplitudes 119 of the spectral maxima were obtained by performing an FFT on a time domain averaged 120 signal, 4096 points in length. The maximum level of system distortion measured with an 121 artificial ear cavity for the highest levels of primaries used in this study (L1=70 dB SPL) was 122 70 dB below the primary level.
123
DPOAE ratio functions were recorded using f1 sweeps with constant f2. Levels of the 124 primaries, L1 and L2, were constant during each sweep with L1=L2+10 dB. For suppression 125 experiments, a calibrated 67 dB SPL suppressor tone was added using a Philips PM1593 (OriginLab, MA). Acoustic and laser measurements were conducted in healthy cochleae, and 141 post mortem following overdose using Euthatal, in the presence of sodium salicylate crystals 142 placed onto the round window membrane.
143

III. RESULTS
144
The DPOAE amplitude as a function of primary frequency ratio has a well-known bell-like 145 shape (e.g. Brown et al., 1992) when constant f2 is in the low-/mid-frequency range for 146 guinea pigs (Fig. 1) . The maximum of this bell-like shape is observed at approximately the 147 same frequency for DPOAEs of different order ( Fig. 1) , where the order of DPOAE mf1+nf2 was fixed and its value is indicated within the panels; f1 was varied to obtain the required DPOAE frequency. Primary levels were fixed at L1 =L2+10 dB=40 dB SPL. 
167
It is worth noting that the amplitude maxima are observed for the same DPOAE frequencies, 168 and, hence, for different primary ratios and different corresponding f1, in both distortion 169 components (2f1-f2, 3f1-2f2) analysed in this paper (Fig. 4) . It has been observed previously 170 that the 4f1-3f2 emission contains these frequency specific maxima (Lukashkin et al. 2007) .
172
For low levels of the primaries, the amplitude notches between the maxima are less To confirm that the rippling pattern of the DPOAE amplitude is of cochlear origin, stapes 180 velocity at the 2f1-f2 frequency in healthy and passive cochleae was recorded. (Fig. 7) .
Suppressor tones close to f2 (27 and 31 kHz in Fig. 7) were the most efficient in decreasing 204 the overall DPOAE amplitude over a wide frequency range. Presumably, because these 205 suppressors effectively suppress responses of both primaries in the region of their overlap.
206
For all frequencies of the suppressor, the absolute decrease of the DPOAE amplitude was, 207 however, larger for the low-frequency shoulder of the ratio dependence and, hence, low- , 1992; Kummer et al., 1995; Abdala et al., 1996; Martin et al., 1998) , the finding that experiments (Goodman et al., 2003; Withnell et al., 2003) . An additional argument against 266 the local maxima being due to phase interference of emissions from different sources comes 267 from our suppression experiments. DPOAE fine structure has been shown to exist in rodents 268 (Withnell et al., 2003) , although it presents a cyclic periodicity that is slower than in humans 269 (Talmadge et al., 1999, Kalluri and Shera, 2001) . If the local maxima and minima were due 270 to a kind of fine structure specific to this species, then placement of the suppressor tone et al., 1998; Dhar and Shaffer, 2004) . However, the 2f1-f2 signals as a function of 275 the primary ratio described here still show the same peak and trough distribution, in the 276 presence of a suppressor. It therefore follows that the reflection source emissions from the 277 2f1-f2 CF place are not responsible for the observed local maxima.
278
Half an octave separation between the local maxima indicate that they may originate from 279 periodic interaction between the basilar membrane and tectorial membrane travelling waves.
280
It is thought that the tectorial membrane is tuned to a frequency about half an octave below 281 the frequency of its cochlea location (Allen, 1980; Gummer et al., 1996; Lukashkin et al., 2010) and is capable of maintaining a local travelling wave (Ghaffari et al., 2007; Jones et 283 al., 2013) . Evidence for the half-octave shift in the tectorial membrane tuning comes from 284 mechanical (Gummer et al., 1996; Legan et al., 2000; Lukashkin et al., 2012) , acoustic
285
( Allen and Fahey, 1993; Lukashkin and Russell, 2003; Lukashkin et al., 2004 Lukashkin et al., , 2007 and, hence, should be affected by changes in the f2 frequency. The local amplitude maxima 291 described here are independent of the primary frequencies and are a global phenomenon 292 associated with propagation rather than generation of energy at the DPOAE frequencies.
293
Therefore, it is unlikely that the tectorial membrane -basilar membrane wave interaction 294 contributes to the generation of the rippling pattern.
295
Instead, the DPOAE amplitude ripples described here may reflect the formation of standing 296 waves in the cochlea due to multiple internal reflections due to the impedance mismatch at 297 the middle ear boundary (Shera and Zweig, 1991; Russell and Kössl, 1999; Shera, 2003) .
298
This multiple wave reflection and interference have been suggested to contribute to 299 generation of DPOAEs (Stover et al., 1996; Withnell et al., 2003; Dhar and Shaffer, 2004) , 300 transient evoked otoacoustic emissions (e.g. Kemp, 1978) , stimulus frequency otoacoustic 301 emission (Goodman et al., 2003; Berezina-Greene and Guinan, 2015) , spontaneous 302 otoacoustic emissions (SOAE) (Kemp, 1979; Russell and Kössl, 1999; Shera, 2003) , rippling suppression located half an octave above the SOAE CF in addition to a V-shaped suppression region around the CF. It was suggested that the changes in suppression efficacy seen at these
